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[Patent Attorney] 

(57) [Abstract] 

[Constitution] Liquid phase condensation polymerization doing 
dicarboxylic acid and dihydroxy compound , step which 
produces thepolyester (a) . solid phase condensation 
polymerization doing aforementioned (a) , step which 
producesthe polyester (b) where intrinsic viscosity is a range of 
0.5 to 1 .4 dl/g. Aforementioned (b) contacting dipping or 
water vapor in thewater, step which produces polyester (c) . 
After drying aforementioned (c) , melting in inert gas 
atni)spr^re,including step which injection molding it does, as 
itdesignates formaldehyde content of molded article which is 
acquired as 1 .50 ppmor less, themanulacturing method of 
polyester molded article which designates acetaldehyde content 
as 10 ppmor less, bottle forming preform and bottle or other 
molded article which are acquired with aforemantionedmethod . 

[Effect(s)] Polyester where formaldehyde content and acetaldeh 
yde content quite are little is acquired,at same time, quantity of 
mold fouling quite is small at timeof injection molding. 
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[Qain<s)] 

[Claim 1] (A) Dicarboxylic acid which includes terephthalic acid 
or ester derivative and dihydroxy compound whichineludes 
ethyleneglycol or hquid phase condensation rx)lymerization 
doing ester derivative , under existing of the condensation 
catalyst, liquid phase condensation rx)lyrrerization step which 
produces polyester (a). Heating (Q aforementioned polyester 
(a), to temperature of melting point or low, thesolid phase 
condensation polymerization step which produces polyester (b) 
where intrinsic viscosity [ ] which is measured intheo- 
chlorophenol is a range of 0.5 to 1 .4 dl/g. In water of room 
temperature to 150 °C, 1 nin to 2 0 hour soaking (D-1) 
aforementionec%x)lyester (b), water treatment step which 
produces polyester (c). Or (D-2) aforementioned polyester (b) 
1 nin to 2 0 hour contacting water vapor of theroom 
temperature to 230 °C, steam treatment step which produces 
polyester (c). Melting polyester (c) which passes drying process 
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and (F) aforerrentioneddrying process which dry (E) 
aforementioned polyester (c) in inert gas atmosphere, as 
itincludes molding step whidi injection molding is done and it 
designates formaldehyde contentof polyester molded article 
which is acquired as 1.5 ppmor less, rrrmuiacturing method of 
polyester molded articlewhich designates acetaldehyde content 
as 10.0 ppmor less and densely makes feature. 

[Claim 2] (A) Dicarboxylic acid which includes terephthalic acid 
or ester derivative and dihydroxy compound whichineludes 
ethylenegjycol or hquid phase conde^nonpolynmzation 
doing ester derivative , under existing of the condensation 
catalyst, liquid phase condensation polymerization step which 
produces polyester (a). (B) aforementioned polyester (a), with 
inert gas atmosphere above crystallization temperature on 
heating (Tel), at thesame time in temperature under melting 
point 1 to 3 0-rrinute heating polyester (a) which passes 
preparatory crystallization process and (Q aforementioned 
preparatory crystallization process which aremaintained, to 
temperature of melting point or lower under inert gas 
atmosphere, solid phase condensation polymerization step 
whichproduces polyester (b) where intrinsic viscosity [ ] 
which is measured in o- chlorophenol is arange of 0.5 to 1 .4 dl/g. 
In water of room temperature to 150 °C, 1 min to 2 0 hour 
soaking (D-1) aforementioneo^olyester (b), water treatment 
step which produces polyester (c). Or (D-2) aforemsntioned 
polyester (b) 1 min to 2 0 hour contacting water vapor of 
theroom temperature to 230 °C, steam treatment step which 
produces polyester (c). Melting polyester (c) which passes 
drying process and (F) aforementioneddrying process which dry 
(E) aforementioned polyester (c) in inert gas atmosphere, as 
itincludes molding step which injection molding is done and it 
designates formaldehyde contentof polyester molded article 
which is acquired as 1 .5 ppmor less, rmnufacturirig method of 
polyester molded articlewhich designates acetaldehyde content 
as 10.0 ppmor less and densely makes feature. 

[C3aim3] Manufacturing method of polyester molded article 
which is stated in Claim 1 or 2 where content ofthe isophthalic 
acid in aforementioned dicarboxylic acid content of 0 to 10 
mole% and the napritralenedicarboxylic acid is a range of 0 to 
10 mole%, content of diethyiene glycol in theaforernentioned 
dihydroxy compound has content of 0 to 10 mole% and 
cyclohexane dimethanol in rangeof 0 to 10 mole%. 

[Qaim4] It is acquired by rranulacturin^ 

ed in Claim 1 or 2 polyester molded article which densely is 

made feature. 

[Qaim5] Formaldehyde content being 1.5 ppmor less , acetal 
dehyde content is 10.0 ppmor less and polyester molded article 
whichdensely is made feature. 
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[Claim 6] Polyester molded article which is stated in Qaim4 o 
r 5 where aforementioned molded articleis bottle forming 
preform 

[Qaim 7] Polyester molded article which is stated in Qaim4 o 
r5 where aforemaitioned molded articleis bottle. 

[Description of the Invention] 
[0001] 

[Technological field of invention] This invention regards imnu 
facturing method and polyester molded article of polyester 
molded article, furthermore asfor details, it is a mmufacturing 
method of polyester molded article where polyester molded 
article which is usedfor ideal for food packaging or other 
application is acquired and something regarding polyester 
molded article. 

[0002] 

[Technological background of invention] Polyethylene terepht 
halate or other saturated polyester biaxial stretching forming, 
bottle which is acquired, is superiorin transparency , 
mechanical strength, heat resistance and gas barrier property is 
used widely as the juice , chilled beverage and container (PET 
bottle) for carbonated beverage or other beverage filling 

[0003] dicarboxylic acid or ester-foming derivative and dihyd 
roxy compound or ester-forming derivative liquid phase 
condensation polymerization it doesthis kind of polyester, it 
can acquire by fact that solid phase condensation 
polynmzahonitdoesnext. And as for polyester which is 
acquired, various molded article , it is general with various 
molding method to form in for example bottle and sheet etc. 
But, formaldehyde and acetaldehyde are included in polyester 
molded article of prior public knowledgewhich is acquired with 
this kind of mmiiiadxiring rrethod When for example molded 
article is bottle, when this kind of bottle is used, the flavor of 
contents which is filled decreases had densely. Because of this 
formaldehyde contort and acetaldehyde content in polyester 
which forms themolded article are as low as possible, it is 
desirable densely. 

[0004] In addition, when molded article and for example prefo 
rmit forms from polyester^upplying polyester which is 
produced by method an above-mentionedway to injection 
molding machine or other molding madiine, preform for 
hollow molding it forms, furthermore thecrystallization opening 
it is general to do. But, c^lictrimer or other oligomers to be 
included by polyester which is acquired with theimnufartining 
method an above-mentioned way, this cyclic trimer or other 
oligomers at time of injection nx>ldingdepositing in degassing 
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portion etc of mold, soiling of injection molding rroldoccurred 
If mold fouling at time of Section molding becomes cause 
ofthe sink mark of opening uppermost part with opening 
unfilled ofpreformwhich is acquire^ 
opening unfilled, you must abolish preform Because of this 
when injection molding doing preform or other molded article 
making use of polyesterof prior public knowledge, foulant which 
deposits in injection mold must be removed inthe frequent, 
there was a problem that productivity of preform decreases. 

[0005] 

[Objective of irrvenrion] As for this invention, as description ab 
ove considering to Prior Art, beingsomething which it is 
possible, as polyester molded article where formaldehyde 
content and theacetaldehyde content quite are low is acquired, 
at same time, when forming termnufacturing method of 
polyester molded article where mold fouling of mold for 
injection molding islittle is offered densely makes objective, 
polyester molded article where formaldehyde contentand 
acetaldehyde content quite are low is offered does objective 
densely. 

[0006] 

[Summary of invention] As for rrnnufacturing method of polye 
ster molded article which relates to this invention, dicarboxyiic 
acidwhich includes (A) terephthalic acid or ester derivative and 
dihydroxy compound which includesthe ethylereglycol or liquid 
phase condensation polymerization doing ester derivative , 
under existing of condensation catalyst,the liquid phase 
condensation polymerization step which produces polyester (a). 
Heating (Q aforementioned polyester (a), to temperature of 
melting point or lower, thesolid phase condensation 
rx>lymerization step which produces polyester (b) where 
intrinsic viscosity [ ] which is measured inthe o- chlorophenol 
is a range of 0.5 to 1 .4 dl/g. In water of room temperature to 
150 °Q Irrin to 20 hour soaking (D-l) 
aforementione^polyester (b), water treatment step which 
produces polyester (c). Or (D-2) aforementioned polyester (b) 
1 rrin to 2 0 tour contacting water vapor of theroom 
temperature to 230 °C, steam treatment step which produces 
polyester (c). Melting polyester (c) which passes drying process 
and (F) aforementioneddrying process which dry (E) 
aforementioned polyester (c) in inert gas atmosphere, as 
itincludes molding step which injection molding is done and it 
designates forrmldehyde contentof polyester molded article 
which is acquired as 1 .5 ppmor less, acetaldehyde content is 
designatedas 10.0 ppmor less, densely it has made feature. 

[0007] Polyester (a) which is acquired with liquid phase condens 
ationrx)lyrnerizationstep(A), solid phase condensation 
polynErizarion it doespreceding, said polyester (a) above 
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crystallization terrperature on heating (Tel), at same tine 1 to 
3 0 nin tothe tenperature under melting point may do 
preparatory crystallization process (B) which is rrniniained 

[0008] With this invention, content of isophthalic acid in afore 
mentioned dicarboxylic acid thecontent of 0 to 10 mole% and 
naphthalenedicarboxylic acid being 0 to 10 mole% , content of 
thediethyiene glycol in aforementioned dihydroxy compound 
content of 0 to 10 nx)le% and cyclohexane dirnethanolis 0 to 
10 mole%, it is desirable densely. 

[0009] When with manufecturing method of this invention, dis 
kof thickness 4 mm and the diameter 100 mm, 200 forming 
with set tenperature 290 °C and mold temperature 10 °Q 
quantity ofthe mold fouling is 50 g or less usually. 

[0010] Polyester molded article which relates to this invention i 
ntrinsic viscosity [ ] which is measured inthe o- chlorophenol 
is a range of 0.5 to 1 .4 dl/g, formaldehyde content is 1 .5 ppm 
or less , acetaldehyde contentis 1 0.0 ppm or less, densely it has 
made feature. 

[001 1] Polyester molded article of this invention, is bottle for 
ning preform and bottle etc, it isdesirable densely. 
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[0012] 

[Concrete description of invention] You explain concretely bel 
ow, concerning rmnufacturing method and polyester molded 
article ofthe polyester molded article which relates to this 
invention. 

[00 1 3] As for manufacturing method of polyester molded articl 
e which relates to this invention, dicarboxylic acidwhich 
includes (A) terephthalic acid or ester derivative and dihydroxy 
compound which includesthe ethyleneglycol or liquid phase 
condensation polymerization doing ester derivative , under 
existing of condensation catalyst,the liquid phase condensation 
polymerization step which produces polyester (a). Heating (Q 
aforementioned polyester (a), to temperature of melting point 
or lower, thesolid phase condensation polymerization step 
which produces polyester (b) where intrinsic viscosity [ ] 
which is measured inthe o- chlorophenol is a range of0.5 to 1.4 
dl/g mwaterofroomtemperaturetol50°C, lninto20 
hour soaking (D-l) aforementionedpolyester (b), water 
treatment step which produces polyester (c). Or(D-2) 
aforementioned polyester (b) 1 nin to 20 hour contacting 
water vapor of theroom terrperature to 230 °Q steam 
treatment step which produces polyester (c). Melting polyester 
(c) which passes drying process and (F) aforenxntioneddiying 
process which dry (E) aforementioned polyester (c) in inert gas 
atmosphere, as forthe formaldehyde content of molded article 
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which includes molding step which injection molding isdone and 
is acquired with 1 .5 ppmor less , as for acetaldehyde content it 
is a 10.0 ppm or less. 

[0014] With this invention, as for polyester (a) which is acquire 
dwith liquid phase cordensationrx)lyrrEri2ation step (A), 
preceding solid phase polymerization, said polyester (a) above 
crystallization terrperature on heating (Tel), at sarre tirre thel 
to 3 0 rrin it is possible to terrperature under melting point to 
do preparatory crystallization process (B) which is maintained 

[001 5] You explain in detail below, concerning each step. 

(A) Liquid phase condensation rxdymerization step 

With this invention, tricarboxylic acid which includes terephtha 
lie acid first in liquid phase ccwidensarion polymerization step,or 
ester derivative (Such as for example lower alley! ester and 
phenyl ester ) with, dihydroxy compound which includes 
ethyieneglycol or ester derivative (Such as for example rrono 
carboxylic acid ester ethylene oxide ) with heating and melting 
doing esterified corrpound, under existing of condensation 
catalyst, theliquid phase coiKiensationrx)lymerization doing, it 
produces polyester (a). 

[0016] It is possible also to produce copolyester making use of 
dicarboxylic acid whichwith this invention, is possible to 
produce homo polyethylene terephthalate making use of the 
terephthalic acid and ethyieneglycol , in addition dicarboxylic 
acid other than terephthalic acid and terephthalic acidcontains 
and dihydroxy corrpound which contains dihydroxy corrpound 
other than ethyleneglycoland ethyieneglycol. 

[0017] When producing copolyester, concretely, phthalic acid 
(orthophthalic acid), isophthalic acid and the 
riaprithalenedicarboxylic acid (Especially, naphthalene 2,6- 
dicarboxylic acid ), you can list biphenyl dicarboxylic acid , 
diphenoxy ethane dicarboxylic acid or other aromatic 
dicarboxylic acid , adipicacid, sebacic acid , the azelaic acid , 
decanedicarboxyiic acid or other aliphatic dicarboxylic acid , 
cyclohexane dicarboxylic acid or other cycloaliphatic 
dicarboxylic acid and these ester derivative etc as dicarboxylic 
acid otherthan terephthalic acid which is used 2 kinds or more 
corrbining, it is possible to use these. Arrong these isophthalic 
acid or naphthalenedicarboxylic acid is used, it is desirable 
densely. 

[001 8] In addition concretely, you can list diethyiene glycol , t 
rimethylene glycol (propylene glycol), tetramethyiene glycol , 
the necpentyl glycol , hexamethylene glycol , 
dodecamethyiene glycol , diethyiene glycol , tri ethylene glycol , 
tetraethylene glycol , the polyethylene glycol or other aliphatic 
glycol , cyclohexane dimethanol or other cycloahphatic glycol , 
bisphenols, hydroquinone,2,2-bis(4- - hydroxyethoxy 
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[0 0 2 2] SttMl-li. *fv*M>BivtKP 

^'J-fcl*, v*;M$>»1 =E)l,{ZttLT 1 . 0 2-2 
. 0^;k #£L<IS 1 . 03-1. 5tMytKP 
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[0 0 2 4] XXT-iUftfiJCXg (A-1) tta«*ai?S5 

240-2 70°C, #£L<I*2 4 5-2 6 5°C, 

0. 2-3kg/cm26 , »$L<IJO. 5~2kg 



phenyl) propane or other aromatic dihydroxy corrpounds and 
these ester derivative etcas dihydroxy compound other than 
ethyienegjycol. 2 kinds or more corrbining, it is possible to ise 
these. Among these diethyiene glycol and cyclohexane 
dimethanol are used, it is desirable densely. 



[0019] As for dicarboxylic acid other than aforementioned tere 
phthalic acid, it is used atratio of 0 to 1 0 mole% , preferably 0 
to 5 mole% and more preferably 0 to 3 mole%, with 
dicarboxylic acid as the 100 mole% it is desirable densely, 
dihydroxy compound other than ethyienegjycol, is usedat ratio 
of 0 to 10 mole% , preferably 0 to 5 mole% and more 
preferably 0 to 3 mole% with dihydroxy compound as thelOO 
mole%, it is desirable densely 

[0020] In addition with this invention, it is possible to use const 
i tuting unit which isinduced from trimesic acid , pyromellitic 
acid , rrimethylol ethane , trirrethylolpropane , trinxthyiol 
methane andthe pentaeiythritol or other rx)lyfunctional 
compound at quantity of trace for example 2 mole % or less. 

[002 1] Regarding liquid phase condensation polymerization step, 
as description above dicarboxylic acid or ester derivative 
(Below , " dicarboxylic acid " with you say simply, densely is. 
)with, dihydroxy compound or condensation polymerization 
doing ester derivative (Below , " dihydroxy compound " with 
you say simply, densely is. ) ,itprodiicestherx)lyester,butwith 
this liquid phase cxMKierisationpolyrrErizationstep, usually 
first esterification reaction doingthe dicarboxylic acid and 
dihydroxy compound (esterification reaction step (A-1)), 
liquid phase cc^ensationrx)lymerization (condensation 
polymerization step (A-2)) it does next. 

[0022] Concretely, slurry which first includes dicarboxylic acid a 
nd dihydroxy compound isrnanuiactured dihydroxy compound 
of 1 .02 to 2.0 mole and preferably 1 .03 to 1 .5 mole is included 
in this kind ofelurry , vis-a-vis dicarboxylic acid 1 mole. 

[0023] This slurry is supplied to continuous to esterification re 
action step (A-1). esterification reaction is executed while 
dihydroxy compound under condition which refluxis done, with 
rectification column removing water or alcohol which is formed 
withreaction in outside the system, making use of equipment 
which connects theesterification reactor of at least two to 
linear array. 

[0024] Esterification reaction step (A-1) is executed usually wit 
h multistage, esterification reaction of first step,the , is usually 
done under condition of reaction temperature 240 to 270 °C , 
preferably 245 to 265 °C ,the pressure 0.2 to 3 kg/oreG and 
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[0 0 3 0] *3ewoi*. Mlfi^EfcXli (A-2) 1 



preferably 0.5 to 2 kg/cm2G , in addition esterification reaction 
of last step, the , is usually done under condition of reaction 
tenperature 250 to 280 °C , preferably 255 to 275 °C , the 
pressure 0 to 1 .5 kgfan2G and preferably 0 to 1 .3 kg/cncG . 



[0025] When esterification reaction step (A-1) is executed with 
3 steps or more, from second step to beforethe single stage of 
final step, it does reaction condition of above-mentioned first 
stepand under condition between reaction condition of last step. 
When for example esterification reaction step is executed with 
3 stages, esterification reaction of second step, the , is usually 
done under condition of reaction tenperature 245 to 275 °C , 
preferably 250 to 270 °C, the pressure 0 to 2 kgfcm2G and 
preferably 0.2 to 1 .5 kgfam2G . 

[0026] Reaction ratio of esterification reaction in these each st 
epsisnotrestrictedespecially. extent of rise of esterification 
reaction ratio in each step is distributed in thesmooth densely to 
be desirable, furthermore regarding esterification reaction 
product of thelast step usually it reaches to 90 % or higher and 
preferably 93 % or higher, it is desirabledensely. 

[0027] Esterified product (lower condensate) of dicarboxylic aci 
d and dihydroxy compound is acquired by these esterification 
step (A-1) , thenumber average molecular weight of this lower 
condensate, usually, is 500 to 5000. 

[0028] As for this kind of esterification reaction, without addin 
g additive other than the dicarboxylic acid or dihydroxy 
compound also being possible to execute, also that itexecutes 
under coexisting of condensation catalyst which in addition it 
mentionslater it is possible, but, furthermore trimethyl amine , 
tri n- butylanine , the benzyl dimethyl amine or other tertiary 
amine , tetraethyl ammonium hydroxide , tetran- butyl 
ammonium hydroxide , trimethyl benzyl ammonium hydroxide 
or other quaternary ammonium , lithium carbonate , sodium 
carbonate, the potassium carbonate and sodium acetate or 
other basic compound trace addition doing it can execute, 
esterification reactor it is possible to add these basic compound, 
entirely and, it ispossible to add to specific reactor after first 
step or second step. 

[0029] Esterified compound which it acquires in this way is supp 
lied to continuous tothe liquid phase polycondensation reactor. 
While with liquid phase polycondensation reactor, heating to 
tenperature of melting point or higher of polyesterwhich under 
vacuum, is acquired under existing of the condensation catalyst, 
in this case removing glycol which is formed in outside the 
system,the condensation polymerization it does. 

[0030] With this invention, even when doing condensation pol 
ymerization step (A-2), with single step, dividinginto multiple 
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steps, it is possible to do. When condensation polymerization 
step is done with nultiple steps, condensation polymerization 
of first step, the , is usually done under condition of reaction 
ternperature 250 to 290 °C , preferably 260 to 280 °C , the 
pressure 500 to 20 Torr and preferably 200 to 30 Torr, in 
addition condensation pol>orErization of final step, isusually 
done under condition of reaction temperature 265 to 300 °C , 
preferably 270 to 295 °C , pressure 10 to 0. 1 Torr , the 
preferably 5 to 0. 1 Ton and particularly preferably 2 to 0. 1 
Torr. 

[003 1] Condensation polymerization step being 3 steps or more, 
when it is executed, from second step thecondensation 
polymerization to before single stage of last step is done 
reaction condition of theabove-mentioned first step and under 
condition between reaction condition of thelast step, for 
example condensation rx)lymerization step being 3 stages, when 
it is executed, condensation polymerization of the second step, , 
with reaction temperature 260 to 295 °C and preferably 270 
to 285 °C, is usually done underthe condition of pressure 50 to 
2 Torr and preferably 40 to 5 Torr. 

[0032] With this invention, intrinsic viscosity which is measure 
d in o- chlorophenol of 25 °Cas description above in (A) liquid 
phase condensation polymerization step, produces polyester (a) 
which is a0.8 to 1.5 dl/g and a preferably 0.8 to 1 .2 dl/g. 
Furthermore , intrinsic viscosity which arrives in each step 
whichexcludes last step of these liquid phase condensation 
polymerization step especially is not restricted extent of rise 
of intrinsic viscosity in each step is distributed in thesmooth 
densely is desirable. 

[0033] Furthermore intrinsic viscosity [ ], thermal decompo 
sition after doing, cooling polyester 1 2g in theo- chlorophenol 
15 ni, is calculated from solution viscosity which was measured 
with 25 °Cin this specificatioa 

[0034] As description above liquid phase condensation polymeri 
zation is done under existing of condensation catalyst. As 
condensation catalyst, germanium dioxide , gerrmnium 
tetraethoxide , gerrmraumtetra n- butoxide or other 
genrariumcoirpound , antimony trioxide or other antimony 
catalyst or titanium tetra butoxide or other titanium catalystcan 
be used 

[0035] When inside germanium dioxide compound of these con 
densation catalyst is used, because polyester whichis superior in 
hue and transparency is acquired it is desirable, condensation 
catalyst, with metal weigfit conversion in condensation catalyst, 
is used at ratio of 0.0005 to 0.2 wt% and preferably 0.001 to 0. 
05 wt% vis-a-vis total weight of dicarboxylic acid and 
dihydroxy compound, it isdesirable densely. 

[0036] As for condensation polymerization, is executed under c 
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oexistingof stabilizer densely isdesirable. As stabilizer, 
trimethyi phosphate , triethyl phosphate , tri n- butyl 
phosphate, trioctyl phosphate , triphenyl phosphate , the 
tricresyl phosphate or other phosphate ester, triphenyl 
phosphite, trisdedecyi phosphite, trisnonyl phenyl 
phosphite or other phosphite ester, methyl acid phosphate , 
isopropyl acid phosphate , the butyl acid phosphate , dibutyl 
phosphate , mono butyl phosphate , dioctyl phosphate or 
other acidic phosphate ester and phosphoric acid and 
polyphosphoric acid or other phosphorus compound areused 



[0037] As description above stabilizer, with phosphorus atomw 
eight conversion in stabilizer, is usedat ratio of 0.00 1 to 0. 1 
weight% and preferably 0.002 to 0.02 wt% vis-a-vis total 
weight of dicarboxylic acidand dihydroxy compound, it is 
desirable densely. 

[0038] These condensation catalyst and stabilizer, and, it can al 
so be possible also supply tothe reactor of first step of 
condensation polymerization step (A-2) to supply 
aforementioned wayin esterification step (A-l). 

[0039] This way, polyester (a) which is acquired from final liqui 
d phase polycondensation reactor, usually, with melt extrusion 
molding method forms in particulate (chip). 

(B) Preparatory crystallization process 

With this invention, it is possible to polyester (a) which it acqiri 
resinthiswayof according to need to do preparatory 
crystallization . 

[0040] This preparatory crystallization process, with dry state 
temperature under crystallization temperature on heating 
(Tel) to melting point, 10 °C to behigber than preferably Tel 
and under temperature which 40 °C or higher is lowerthan 
melting point, 1 to 3 0 nin and preferably 5 to 2 0 nin is 
done polyester (a), by factthat it maintains. 

[0041] When for example polyester is polyethylene terephthal 
ate, concretely, 1 to 3 0 nin it heats in thetenperature of 160 
to 200 °C and preferably 165 to 190 °G 

[0042] This preparatory crystallization process is done in air o 
r in inert gas atmosphere, but it is done in the inert gas 
atmosphere; it is desirable densely, oxygen concentration is 
done in inert gas atmosphere of the20ppmor less, it is more 
desirable densely. As inert gas, you can list nitrogen gas , 
argon gas and carbon dioxide gas etc. 

[0043] As for polyester (a) which preparatory crystallization is 
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done, degree of crystallization is 20 to 50 %, itis desirable 
densely. With preparatoryci>^li2ationprocess,itdoesnot 
advance solid phase condensation polymerization of so-called 
polyester, as for theintrinsic viscosity of polyester (a) which 
preparatory crystallization is done, being almost same asthe 
intrinsic viscosity of polyester (a) which is acquired with liquid 
phase condensation rx)lymerization step (A), as fordifFerence of 
intrinsic viscosity of polyester (a) which preparatory 
crystallization is done and theintrinsic viscosity of polyester (a) 
before preparatory crystallization, it is a 0.06 dl/g or less 
usually. 

[0044] (Q Solid phase condensation rx)lymerization step 

With this invention, polyester (a) or preparatory crystallizatio 
n which it acquires theaforernentioned way polyester (a) which 
is done solid phase condensation polymerization is done. 

[0045] Solid phase condensation polymerization step consists o 
f single stage at least, condensation polymerization 
temperature usually with thel 90 to 230 °C and preferably 195 
to 225 °C , pressure, is usually done under condition of thel 
kgfaicG to lOTorr and preferably ambient pressure to 100 
Torr. solid phase condensation polymerization step is done in 
inert gas atmosphere which is similar to in or descriptionabove 
air, but it is done in inert gas atmosphere, it is desirable densely, 
the oxygen concentration is done in inert gas atmosphere of 
50 ppmor less and preferably 20 ppmor less, it is 
moredesirable densely. 

[0046] This requiring, intrinsic viscosity of polyester (b) which 
it acquires, isthe 0.5 to 1.4 dl/g and preferably 0.7 to 1.3 dl/g 
usually, it is desirable densely. In addition, density of this 
polyester (b), usually 1.37 gfarfl or greater andthe preferably 
1 .38 g/crrfi or greater , furthermore is preferably 1.39 gfarfl or 
greater, it is desirable densely. 

[0047] With this invention, solid phase condensation polymeri 
zation doing as description above, water treatment or thesteam 
treatment it does polyester (b) which it acquires. 

(D-l) Water treatment step 

Water treatment of polyester (b) is done polyester (b) and wate 
r by contacting, polyester (b) which is used here is particulate 
(pellet), it is desirable densely. 

[0048] Contact with polyester (b) and water, in water of roomt 
enperature to 150 °C andthe preferably 70 to 1 10 °C, is done 
polyester (b) 1 min to 2 0 hour and preferably 5 nin to 10 
hours by soaking. 
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[0049] More concretely, it is done in water of 50 to 1 50 °C in w 
aterofthe 1 ninto 10 hours and preferably 70 to 110°C3 
nin to 5 hours by soaking in water of 3 ninto 5 hours and 
preferably 70 to 1 10 °C 

[0050] When this kind of water treatment step is dons, mold fo 
ulingattimeof injection iroldingqirite decreases. As for this 
polyester (b) and water in order catalyst for condensation 
polymerizationvvhich is included in polyester by contacting, 
inactivation to do, thehydrolysis reaction or transesterification 
for most part does not advance due to heatingwhen forming, 
because of this quantity of c^lic trinrer or other ohgomers . 
which isformed decreases and is thought thing where quantity of 
themold fouling decreases. 

[0051] (I>2) Steamtreatment step 

Steam treatment of polyester (b) is done polyester (b) and stea 
m by contacting, polyester (b) which is used here is particulate 
(pellet), it is desirable densely. 

[0052] Contact with polyester (b) and steam, in steam of room 
temperature to 230 °C , the preferably 70 to 150 °C and more 
preferably 90 to 140°Qisdone polyester (b) 1 ninto20 
hour and preferably 5 nin to 1 0 hours bycontacting. 

[0053] More concretely, it is done in steam of 50 to 230 °C in s 
teamofthe 1 nin to 10 hours and preferably 70 to 150 °C by 
3 ninto 5 hours contacting in steam of the3 ninto 5 hours 
and preferably 90 to 140 °C 

[0054] When this kind of steam treatment step is done, mold f 
ouling at time of injection moldingqirite decreases. As for this 
polyester (b) and water vapor in order catalyst for 
condensation polymerizationwhich is included in polyester by 
contacting, inactivation to do, thehydrolysis reaction or 
transesterification for most part does not advance due to 
heatingwhen forming, because of this quantity of cyclic trimer 
or other oligomers which isformed decreases and is thought 
thing where quantity of themold fouling decreases. 

[0055] (E) Drying process 

With this invention, water treatment or steam treatment doing 
as description above, itdries polyester (c) which it acquires. 

[0056] With drying process, polyester (c) is heated, with tempe 
nature of 120 to 1 80 °C andthe preferably 140 to 170 °Q 2 to 
24hours, preferably 2 to 1 2 hours and more preferably 2 to 
6 hours. Drying polyester (c) is done in inert gas atmosphere 
which is similar to in ordescription above air, but it is done in 
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inert gas atmosphere, it isdesirable densely, oxygen 
concentration is done in inert gas atmosphere of 20 ppmor less, 
it ismore desirable densely. 

[0057] Intrinsic viscosity of polyester (c) where there are not ti 
mes when condensation polymerization of thepolyester 
advances in this (E) drying process for most part, passes by 
drying process and is acquired is almost same as intrinsic 
viscosity of polyester (c) which isacquired with solid phase 
condensation polymerization step. 

[0058] (F) Molding step 

Polyester (c) which passes drying process forms in various mold 
ed article by inj ection molding method . 

[0059] mjcxtion molding, from supply port supplying polyene 
r of granular which the usually, is acconmxlated inside hopper, 
to one end of theheating cylinder, melts inside heating cylinder, 
aforementionedsupply port molded article forms fromnozzle 
which is provided in opposing sidethe melted polyester by 
injection doing inside mold 

[0060] With this invention, it melts polyester inside heating cyi 
inder in theinert gas atmosphere. As inert gas, you can list 
nitrogen gas, argon gas and carbon dioxide gas etc, the 
nitrogen gas especially is desirable. In addition, oxygen 
concentration in inert gas, is 1 % or lower , preferably 0.1 % 
or lower and the more preferably 0.01 % or lower, it is desirable 
densely. 

[0061] With this invention, also inside of aforementioned hopp 
er is theinert gas atmosphere, it is desirable densely, oxygen 
concentration in inert gas, is 1 % or lower ,the preferably 0.1 
% or lower and more preferably 0.01 % or lower, it is desirable 
densely. 

[0062] As for polyester molded article which is acquired as descr- 
iption above with then^nufk:tiiring method , formaldehyde 
content, with 1.5 ppmor less and preferably 1.3 ppmor less , 
acetaldehyde content is thelO.O ppmor less , preferably 7.5 
ppmor less and more preferably 6.0 ppmor less. 

[0063] In addition, quantity of mold fouling of injection moldin 
g mold at time of the inj ection molding quite is small with 
n^nutouringnBthod of this invention When with set 
temperature 290 °C and mold temperature 10 °C, disk of 
thickness 5 mm, diameter 120 mm and weigfit 74g 200 
fonring polyester (c) which passes for example water 
treatment step, the3 hours after drying, making use of injection 
molding machine ( Meiki Co. Ltd (DB 69-073-1 195) make 
M100) with air of thel60 °Q quantity of mold fouling, is 50 
g or less and preferably 30 gor lessusually. In order this 
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time to become weighing 9 second and injection 3 second, it 
sets,designates residence tine of molten resin inside molding 
machine as 60 second In addition, hopper makes under 
nitrogen atmosphere. 

[0064] Conceptual diagramof cavity aspect of portable side mo 
Id which is usedfor this disk shape fo^ 1, 
outline oblique view of cavityaspect of portable side mold after 
disk forming is shown in theFigure 2 (A), outline oblique view of 
cavity aspect of stationary side mold after disk forningis 
shown in Figure 2 (B). 

[0065] As shown in Figure 1 and Figure 2 (A), aforementioned d 
isk as for portableside mold 10 in order to form, in order to be 
easy to recover, groove 3of coil of depth 2 mm is formed 
oligomer in periphery of the cavity section 1 , end of groove 3 
has been connected thecavity section 1 . This way when disk is 
formed making use of portable sidemold 10 where groove 3 was 
formed, as shown in Figure 2 (B), as for theoligpmer 7, in order 
to deposit on surface which opposes to groove 3of stationary 
side mold 1 1 mainly oligomer is likely to recover. Furthermore , 
in the diagram2 is ejector. 

[0066] With this invention, it seeks quantity of mold fouling, a 
s descriptionbelow. After namely, forming oligomer which with 
Sarashi which makes thedirnemyifonrarride soak deposits in 
mold it recovers, it designatesthe total weight of oligomer 
which is acquired as quantity of mold fouling. 

[0067] Manufacturing method of this invention can produce v 
arious molded article, for example bottle or other hollow 
molded article it forms, supplying polyester (c) which first 
passes drying processto inj ection molding machine or other 
molding machine, preform for hollow molded article it forms. 
As for formaldehyde content of preformfor this hollow molded 
article, it is a 10.0 ppmor less ,a preferably 7.5 ppmor less 
and a more preferably 6.0 ppm usually with 1 .5 ppmor less 
and preferably 1.3 ppmor less , as for the acetaldehyde 
content, usually. Next, it inserts this preform in mold of 
specified shape and drawing blowmoldingdoes and hollow 
molded article forms. As for formaldehyde content of this 
hollow molded article, it is a 10.0 ppmor less , a preferably 7. 
5 ppmor less and a more preferably 6.0 ppmor less usually 
with 1 .5 ppmor less and preferably 1 .3 ppmor less , as for 
acetaldehyde content, the usually. 

[0068] Preformfor hollow molded article which is produced by 
method of this inventionbecause formaldehyde content and 
acetaldehyde content in polyester which forms preform forthe 
said hollow molded article quite are low, is used for ideal as 
container forrringpreformmaterial for beverage filling. As for 
hollow molded article which is produced by method of this 
invention, theformaldehyde content and acetaldehyde content 
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in polyester which forms said hollow molded article quite 
arelittle, are used for ideal because it changes densely it is low, 
withthe flavor of contents as container (PET bottle) for 
beverage filling. 

[0069] As for polyester molded article of this invention, dicarb 
oxylic acid which includes terephthalic acid or ester derivative, 
dihydroxy corrpound which includes ethylenegjycol or ester 
derivative , Under existing of condensation catalyst liquid phase 
condensation polymerization doing, To next, preparatory 
crystallization it did with inert gas atmosphere rear, Heating to 
terrperature of melting point or lower under inert gas 
atmosphere, with molded article which consists of polyester 
where intrinsic viscosity [ ] where solid phase condensation 
polymerization it does^iext in water of room temperature to 
150°C,after 1 rrin to 2 0 hour soaking dries, next rreltswith 
inert gas atmosphere and does injection molding and is acquired, 
at same time ismeasured in o- chlorophenol is a range of 0.5 to 
1 .4 dl/g, as for formaldehyde content, the with 1 .5 ppmor less 
and preferably 13 ppmor less , as for acetaldehyde content, it 
is a 10.0 ppmor less , a preferably 7.5 ppmor less and a more 
preferably 6.0 ppm or less usually. 

[0070] As for formaldehyde content of conventional polyester 
molded article, usually as for 2 to 10 ppm extent andthe 
acetalctehyde content, usually with 8 to 50 ppm extent , 
aforementioned way asfor polyester molded article where 
formaldehyde content and acetaldehyde content quite are low, 
tcpresently it is not known. 

[0071] Polyester molded article of this kind of this invention is 
used for ideal for especiallyfood packaging or other applicatioa 

[0072] 

[Effects of the Inventi on] As for rrnnufacturing method of pol 
yester molded article which relates to this invention, polyester 
molded articlewhere formaldehyde content and acetaldehyde 
content quite are low is acquired In addition, because as for 
method of this invention, mold fouling of the injection 
molding mold is little, opening sink mark of molded article can 
be prevented In addition, because it is not necessary to remove 
injection mold fouling in thefrequent, productivity of molded 
article is high. 

[0073] Because as for polyester molded article of this invention, 
formaldehyde content and acetaldehyde content quiteare low, it 
is used for ideal for bottle forming preform and bottle etc. 

[0074] 
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[Working Exarrple(s)] This invention furthermore is explained 
concretely below, on basis ofthe Working Example, but this 
invention is not something which is limited in theseWorking 
Example. 

[0075] Furthermore, it measured formaldehyde content and it a 
ppraised transparency of themolded article, as description below. 

From [Measurement of formaldehyde content and acetaldehyd 
eContent] polyester molded article test piece approximately 
2g it recovers, freeze grindingdoes with SPEX supplied freezer 
rrill . polyester powder 1 g which is acquired is inserted in vial, 
thewater and polyester powder are nixed well including distilled 
water 2 ml. After closing cap, vial 1 hour is heated with 120 °C. 
After heating it cools in ice water, moves aqueous solution to 
another vial,the plugging it does including 0.25 % 2, 4- di 
nitrophenyl hydrazone 6N hydrochloric acid solution 0.2 ml 
and hexane 1 ml. It agitated and after derivatizing reaction, gas 
chromatograph measured hexane phase. 

[0076] [Appraisal of transparency] It judged transparency of m 
olded article (disk), with visual. Furthermore , evaluation 
standard is below-mentioned sort. 

[0077] .circ: There was not a haze and it was a transparent. 

X : You could see haze. 

[0078] 

[Working Example 1] It administered treatment which in satura 
ted polyester resin which is shown in thebelow-mentioned Table 
1 is shown in in the table, under condition which isshown in in 
the table next 3 hours after drying, making use of the inj ection 
molding machine ( Meiki Co. Ltd (DB 69-073-1 195) Ltd 
make M- 100A) with air of 160 °Q with set temperature 290 
°C and mold temperature 10°C,the disk of thickness5mm, 
diameter 120 mm and weight 74g 200 it formed In order this 
time to become weighing 9 second and injection 3 second, it 
set,designated residence time of molten resin inside molding 
machine as 60 second 

[0079] Intrinsic viscosity of molded article (disk) which it acqui 

res, acetaldehyde quartity, tie arrc 

transparency , and mold fouling quantity are shown in Table 2. 

[0080] 

[Working Examples 2-6] It administered treatment which in s 
aturated polyester resin which is shown in thebelow-mentioned 
Table 1 is shown in in the table, disk of thickness 5 mm, the 
diameter 120 mm and weigfit 74g 200 it formed to similar to 
Working Example 1. 
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[0081] Intrinsic viscosity of molded article (disk) which it acqiri 
res, acetaldehyde quantity, the amount of fonraldehyde , 
transparency , and mold fouling quantity are shown in Table 2. 

[0082] 

[Working Example 7] It adrrinistered treatment which in satura 
ted polyester resin which is shown in thebelow-mentioned Table 
1 is shown in in the table, under condition which isshown in in 
the table making use of injection molding machine ( Meiki Co. 
Ltd (DB 69-073-1 195) Ltd make M - 100A), with set 
temperature 290 °C and the mold temperature 10 °C, preform 
of opening external shape 28 mm diameter , trunk part 
thickness 4 mm and weight 50g it formed 

[0083] Intrinsic viscosity of molded article (preform) which it 
acquires, acetaldehyde quantity, the amount of formaldehyde is 
shown in Table 2. In addition, it administered treatment which 
in saturated polyester resin which isshown in below-mentioned 
Table 1 is shown in in the table, disk ofthe thickness 5 mm, 
diameter 120 mm and weight 74g 200 it formed to similar 
tothe Working Example 1. 

[0084] Transparency , and mold fouling quantity of molded arti 
cle (disk) which it acquires areshown in Table 2. 

[0085] 

[Working Example 8] It adrrinistered treatment which in satura 
ted polyester resin which is shown in thebelow-mentioned Table 
1 is shown in in the table, under condition which isshown in in 
the table making use of injection molding machine ( Meiki Co. 
Ltd (DB 69-073-1 195) Ltd makeM- 100A), with set 
terrperature 290 °C and the mold temperature 10 °C, preform 
of opening external diape 28 mm diameter , trunk part 
thickness 4 mm and weight 50g it formed Next, in order for 
surface terrperature of preform trunk part center to become 90 
to 100 °C with theinfrared heater, heating, with Corpoplast 
supplied LB - 01 molding machine inside mold drawing blowing 
doing the said preform with blowing pressure 30 kgfarfi, 
internal volume formed bottle of 1500 cc. 

[0086] Intrinsic viscosity of molded article (bottle) which it ac 
quires, acetaldehyde quantity, the amount of formaldehyde is 
shown in Table 2. In addition, it administered treatment which 
in saturated polyester resin which isshown in below-mentioned 
Table 1 is shown in in the table, disk ofthe thickness 5 mm, 
diameter 120 mm and weight 74g 200 it formed to similar 
tothe Working Example 1. 

[0087] Transparency , and mold fouling quantity of molded arti 
cle (disk) which it acquires areshown in Table 2. 
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[0088] 

[Working Exanple 9] It adrrinistered treatment which in satura 
ted polyester resin which is shown in thebelow-mentioned Table 
1 is shown in in the table, disk of thickness 5 mm, the diameter 
120 mm and weight 74g 200 it formed to similar to Working 
Example 1. 

[0089] Intrinsic viscosity of molded article (disk) which it acqiri 
res, acetaldehyde quantity, the amount of formaldehyde , 
transparency , and mold fouling quantity are shown in Table 2. 

[0090] 

[Comparative Example 1, 2] It administered treatment which in 
saturated polyester resin which is shown in thebelow-rrentioned 
Table 1 is shown in in the table, disk of thickness 5 mm ,the 
diameter 120 mm and weight 74g 200 it formed to similar to 
Working Example 1 . 

[0091] Intrinsic viscosity of molded article (disk) which it acqui 
res, acetaldehyde quantity, the amount of formaldehyde , 
transparency , and mold fouling quantity are shown in Table 2. 

[0092] 

[Comparative Example 3] It administered treatment which in sa 
turated polyester resin which is shown in thebelow-rrmtioned 
Table 1 is shown in in the table, preform of opening external 
shape 28 rrm diameter ,the trunk part thickness 4 mm and 
weight 50g it formed to similar to Working Example 7. 

[0093] Intrinsic viscosity of molded article (preform) which it 
acquires, acetaldehyde quantity, the amount of formaldehyde is 
shown in Table 2. In addition, it administered treatment which 
in saturated polyester resin which isshown in below-mentioned 
Table 1 is shown inin the table, disk ofthe thickness 5 mm, 
diameter 120 mm and weight 74g 200 it formed to similar 
tothe Working Example 1. 

[0094] Transparency , and mold fouling quantity of molded arti 
cle (disk) which it acquires areshown in Table 2. 

[0095] 

[Comparative Example 4] It administered treatment which in sa 
turated polyester resin which is shown in thebelow-rrentioned 
Table 1 is shown in in the table, to similar to Working Example 
8,the preform of opening external shape 28 mm diameter , 
trunkpartthddcr^4mm and weight 50g it formed, internal 
volumethe bottle of 1 500 cc formed next, to similar to 
Working Exanple 8. 

[0096] Intrinsic viscosity of molded article (bottle) which it ac 
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[0098] 



quires, acetaldehyde quantity, the amount of formaldehyde is 
shown in Table 2. In addition, it adrrinistered treatment which 
in saturated polyester resin which isshown in below-mentioned 
Table 1 is shown inin the table, disk ofthe thickness 5 mm, 
diameter 120 mm and weight 74g 200 it formed to similar 
tothe Working Example 1. 

[0097] Transparency , and mold fouling quantity of molded arti 
cle (disk) which it acquires areshown in Table 2. 

[0098] 
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|^ef Explanation of the Drawings)] 

[Figure 1] It is a conceptual diagram of cavity aspect of portable 
side mold which isused for formation of disk with this invention. 
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[Figure 2] As for (A) with outline oblique view of cavity aspect 
of portable sidemold after disk forming, as for (B) it is a outline 
oblique view of cavityaspect of stationary side mold after disk 
forrring, 

[Explanation of Reference Signs in Drawings] 

10 ... portable side mold 

11 ... stationary side mold 

1 ... cavity 

2 ... ejector 

3 ... groove 

5 ... rubber packing 
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